An 11-month-old full-term female infant was referred to the hematology clinic due to marked anemia and neutropenia. She was almost exclusively breastfed and rejecting all trials for supplementary food including artificial formulas. Bone marrow aspirate revealed cytoplasmic vacuolization in precursors of the myeloid and erythroid series with significant dysgranulopoiesis and dyserythropoiesis and ringed sideroblasts. Flow cytometry analysis revealed increased hematogones with aberrant loss/downregulation of CD33 on granulocytes and monocytes (sign of dysmyelopoiesis). Laboratory investigation revealed low serum copper and ceruloplasmin. Administration of a multivitamin including a high concentration of copper for only 1 week improved her hemoglobin and absolute neutrophil count up to 1.9 × 103/µL, then dropped to 0.3 103/µL after she stopped taking the copper multivitamin. Her blood counts improved till total normalization and up to the time this report is issued. The probable role of unrecognized copper deficiency in causing anemia in infants more than 6 months of age is discussed, and the importance of serum copper examination in refractory anemia and neutropenia is emphasized. This case shows that copper deficiency should be an integral part of the differential diagnosis of refractory anemia including sideroblastic anemia and dysplasia. To the best of our knowledge, no such case has previously been described in the literature.
Introduction
Copper is a trace microelement that plays a pivotal role in many enzymatic reactions at the cellular level. Impaired function of copper-dependent enzymes can explain some of the clinical manifestations of copper deficiency like muscle weakness (cytochrome c oxidase), lack of skin pigmentation (dopamine beta-hydrolase) and bleeding tendency (decreased factor V) [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . The recommended daily allowance for copper is low for both adults and children (24 μg/kg/day in children aged 6-12 months). Therefore, copper deficiency is not common unless there is a predisposing factor, for example chronic diarrhea or malabsorption, foregut surgery [2] , prolonged parenteral nutrition, excess zinc intake [3] or hereditary disorders like Menkes disease [4] .
Copper deficiency can lead to several hematological manifestations including anemia, which usually is microcytic but can also be normocytic or macrocytic, neutropenia and, less commonly, thrombocytopenia [5] . Copper deficiency can also present as sideroblastic anemia and may even mimic myelodysplastic syndrome [6] . The latter is predominantly a disease of adults but is occasionally seen in the pediatric age group [7] , though the presence of this condition should raise the suspicion of other mimics which carry a more favorable prognosis than copper deficiency.
Clinically, the diagnosis of copper deficiency is made by low serum copper, supported by low serum ceruloplasmin, excluding other causes which can give a similar presentation, such as B 12 deficiency [8] .
Case Report
We present the case of a 2-year-old girl who was referred to the hematology clinic at the age of 11 months due to marked anemia (macrocytic for age) with a hemoglobin (Hb) level of 6.3 g/dL and marked neutropenia with an absolute neutrophil count (ANC) of 0.1 × 10 Peripheral blood smear showed marked macrocytic anemia with a dimorphic picture, polychromasia, marked neutropenia and marked thrombocytosis (Fig. 1) .
Bone marrow aspirate showed increased megakaryocytes with clusters, with small and/ or hypolobated forms noted and the smear was stuffed with large pools of platelets in the background (Fig. 2 ). There were 3% blasts and prominent cytoplasmic vacuolization in granulocytic precursors (mainly in the promyelocyte and myelocyte stages), in eosinophils and in early erythroid precursors. Granulopoiesis was left shifted with significant dysgranulopoietic changes (hypo/non-segmentation and abnormal segmentation). Erythropoiesis was hyperplastic (M/E 0.5) with significant dyserythropoietic changes (megaloblastoid maturation, karyorrhexis, budding, binuclearity and rare internuclear bridging) (Fig. 3) .
Iron in stores was adequate with increased sideroblasts and ringed sideroblasts (9%) (Fig. 4) .
Bone marrow trephine biopsy was normocellular for her age (95-100%) with trilineage hematopoiesis, increased early erythroid precursors and increased megakaryocytes. There was no increase in CD34-positive cells by immunohistochemical stains.
Flow cytometry analysis on bone marrow aspirate showed 2% CD34-positive myeloblasts, 18% T-cells and 13% B-cells with no immunophenotypic evidence of monotypic B-cell population. There were 6% CD19/CD10-positive cells with partial expression of CD20 and CD34 (representing hematogone hyperplasia). Cells in the granulocytic gate comprise 25% expressing CD15, CD13, CD11b, and CD16 with aberrant loss of CD33. Cells in the monocytic gate comprise 7% showing dim expression of CD33. Aberrant loss/downregulation of CD33 on granulocytes or on monocytes might be a sign of dysmyelopoiesis. Fecal elastase was normal initially, but the subsequent readings were low. Sweat chloride test was normal. Limited genetic panel for Wilson's disease was normal.
Copper extract was not available, so she was started on a multivitamin supplement including a high concentration of copper. She took the medicine for only 1 week and rejected it later. Two weeks later, her ANC was improved up to 1.9 × 10 3 /μL. After that, she stopped She did not have recurrent infections and continued to have intermittent loose motions with occasional undigested food particles. No dermatitis or itching was seen; she was attending developmental milestones, with speech slightly slow but good comprehension and hearing.
She was also weaned gradually with the introduction of supplementary food.
Discussion
Cytopenias with macrocytosis and vacuolated hematopoietic precursors in the bone marrow were suggestive of copper deficiency (whether congenital or acquired), which also results in a myelodysplastic syndrome-like picture and ringed sideroblasts, associated with a low level of ceruloplasmin, failure to thrive, food intolerance and vomiting, especially when the patient was on exclusive breastfeeding. The thrombocytosis noted in this case was transient and seemed to be reactive in origin. Copper deficiency has been reported to result in anemia, neutropenia and less commonly, thrombocytopenia. Unlike myelodysplastic syndrome, the bone marrow aspirate in copper deficiency characteristically shows cytoplasmic vacuoles within erythroid and myeloid precursors. Other abnormalities include megaloblastic changes and ringed sideroblasts [9] . Furthermore, karyotyping in cases of copper deficiency does not reveal cytogenetic features characteristic of myelodysplastic syndrome.
This girl with bicytopenia since the neonatal period and failure to thrive was found to have macrocytic anemia and neutropenia and bone marrow examination coping with copper deficiency with no apparent precipitating factors. It might be explained by dietary deficiency as the patient was almost exclusively breastfed, not tolerating milk formula or other feeds. Since human breast milk contains a considerably small amount of copper [10, 11] , this amount drops significantly from the early period of lactation from around 0.7 mg/L to 0.2 mg/L and may provide less than the copper intake recommended by the World Health Organization (WHO) [4] . During this period, any shortfall in copper intake can be met by mobilizing liver copper stores. However, on several occasions, there is no predisposing factor identified causing copper deficiency [12] . The patient's zinc level was repeatedly low, and thus zinc toxicity as a cause for her copper deficiency was excluded. She also did not have any features suggestive of Menkes disease and no frank picture of malabsorption syndromes including negative celiac screen.
Our patient did not have any significant radiation or toxic exposure to our knowledge. Clinically the patient was fairer than her patients, which may be a feature of congenital copper deficiency due to decreased dopamine beta-hydrolase.
Pearson marrow-pancreas syndrome, a severe disorder that usually begins in infancy and is considered a bone marrow failure disorder, could be another possibility. In people with Pearson marrow-pancreas syndrome, the pancreas is also affected. It is generally not inherited but arises from new (de novo) mutations that likely occur in early embryonic development [13] . Pearson marrow disease was excluded in our patient given the normal level of elastase and the negative genetic tests.
The low serum copper and the response to therapeutic challenge to copper as well as the patient's karyotype were normal (46,XX), and there were intracytoplasmic vacuolations, which go with copper deficiency; moreover, ringed sideroblasts support the copper deficiency over myelodysplasia.
Additionally, there are approximately 6% hematogones at different stages of maturation. This hematogone hyperplasia is almost absent in myelodysplastic syndrome, and suggests nonclonal cytopenia, such as copper deficiency.
Nutritional copper deficiency remains to be a highly possible cause for this infant's picture supported by the rapid response to oral copper supplement with normalization of blood counts, then reversal of that response when she was off therapy and regain of the normal counts perhaps due to introduction of less breastfeeding and introduction of food supplements thereafter.
Conclusion
In patients with cytopenia or low-grade myelodysplasia, copper deficiency should be suspected even if there is no clear predisposing risk factor for copper deficiency, and a trial of copper treatment, if the copper level is low, is reasonable as it is a treatable condition.
